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раЗраБотка коМПлексного оПисаниЯ Процессов 
деЯтельности в органиЗации
Обнаружена проблема отсутствия единого подхода к ин­
формационному представлению всего жизненного цикла про­
цессов деятельности в организации. Предложено комплексное 
взаимосвязанное информационное описание их аспектов. Это 
описание представляется в текстовом, графическом, формальном 
и алгоритмическом видах как части единой информационной 
модели для автоматизации процессов деятельности на всех 
этапах жизненного цикла.
ключевые слова: процесс деятельности, комплексное опи­
сание, содержательное описание, графическое описание, фор­
мальное описание, описание для программной реализации.
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ПоБудова Багатофакторної МоделІ 
свІтових рейтингових систеМ 
унІверситетІв
Розглядається проблема багатофакторної оцінки університетів рейтинговими система­
ми. Проаналізовано впливові світові та світові рейтингові системи університетів. Проведено 
факторний аналіз впливових світових і світових рейтингових систем. Дослідження проводилось 
в декількох групах, а також з урахуванням нормованих значень індикаторів для забезпечення 
стабільного і об’єктивного результату. Запропоновано інтегровану багатофакторну модель 
світових рейтингових систем університетів.
ключові слова: багатофакторна модель, світові рейтингові системи університетів, факторний 
аналіз, ретроспективний аналіз.
кавіцька в. с., 
любченко в. в.
1. introduction
Ranking systems are widely used and applied in va­
rious fields of the economic, social and political activity 
in the world educational space. Ranking systems meet 
the market demand of consumers of educational services 
and the labor market to the reputation of the university, 
contribute to enhancing the participation of target groups 
ИнформацИонные технологИИ
33Technology audiT and producTion reserves — № 4/2(30), 2016
ISSN 2226-3780
in the formation of modern requirements to the quality 
of graduates.
The higher education system is constantly exposed to 
dynamic changes in the political and legal, social, economic, 
international, scientific and technological, environmental, 
socio­cultural and other spheres. Ensuring the quality of higher 
education depends on the adequate pre­emptive response of 
higher education institutions to these changes in this situation.
Thus, the list of reasons that lead to continuous moni­
toring of higher education and the use of rankings of 
higher educational institutions are defined. In particular, 
the acute international competition of universities — stu­
dents and teachers learn and compare the quality of higher 
education outside their home country; gradually formed 
a unified international point of view on how a quality 
of university should be defined [1].
2.  the object of research and its 
technological audit
The object of research is the university ranking systems. 
The university, in its turn, is a complex object, because it 
has a complex structure that consists of different depart­
ments, employees and various activities. Each component 
of the university has both quantitative and qualitative 
properties. The evaluation process involves the formation 
of quantitative characteristics of the object, taking account 
of all its properties and functions that are essential in 
a particular task, and that is the result of evaluation in 
accordance with the ranking system.
Let the university describes of the set of properties 
S = {s1, s2, ..., sm}. In the framework of ranking sys­
tem to the university presented a set of requirements 
V = {v1, v2, ..., vn}, that are determined by indicators of 
ranking system. Then it is necessary to establish a direct 
correspondence of properties of the university to require­
ments of ranking system F(V) → S.
A large number of reasons for comparative analysis of 
the university generates different, sometimes opposite, aims 
of these studies. Applicants and their parents, employers, 
investors look at this problem from different perspectives. 
This, in turn, leads to the construction of evaluation models 
that are significantly different from one to another:
a) objects of evaluation: universities, some specialty 
or training programs;
b) a list of indicators that are taken into account;
c) the importance (weights) of indicators;
d) the method of forming the ranking calculation.
Each world ranking system is based on a set of indica­
tors for the universities evaluation. It is difficult to deter­
mine which indicators are essential in the ranking systems. 
Therefore, in practice, we have to take quite a number of 
indicators, and some ranking agencies used by hundreds 
of indicators. An analysis of the literature [2–4] leads to 
the conclusion that the problem of determining the latent 
factors of the world ranking system is an important task.
3. the aim and objectives of research
Aim of research — to provide an integrated multi­factor 
model of world university ranking systems.
To achieve this aim it is necessary to perform the 
following objectives:
1. Conduct review of world university ranking systems.
2. Collect original data on the indicators of considered 
world university ranking systems.
3. Conduct factor analysis and identify latent factors 
of considered world university ranking systems.
4. literature review
To build a multi­factor model of world university ran­
king systems we need to consider indicators of well­known 
ranking systems that are used for university evaluation. 
To ensure objectivity and stability of model we need to 
consider the following groups of ranking systems.
Firstly, we choose the set of the most influential world 
university rankings (IWRS):
— Academic Ranking of World Universities (ARWU);
— QS World University Rankings (QS);
— Times Higher Education World University Ran­
kings (THE).
Secondly, we added the set of less influence, but popular 
world ranking systems (WRS):
— CWTS Leiden Ranking (CWTS);
— Ranking Web or Webometrics (Webometrics);
— SCImago Institutions Rankings (SIR).
Let’s consider each ranking systems that are used for 
university evaluation. 
The ARWU was first published in June 2003 by the 
Center for World­Class Universities, Graduate School of 
Education of Shanghai Jiao Tong University, China, and 
updated on an annual basis. Since 2009 ARWU has been 
published and copyrighted by ShanghaiRanking Consul­
tancy. More than 1200 universities are actually ranked by 
ARWU every year and the best 500 are published [5].
Universities are ranked by several criteria: quality 
of education (10 %), quality of faculty (40 %), research 
output (40 %), per capita performance (10 %). The highest 
scoring institution is assigned a score of 100, and other 
institutions are calculated as a percentage of the top score. 
Thus, the resulting score is normalized to the range [0, 100].
ARWU use indicators such as the total number of the 
alumni of an institution winning Nobel Prizes and Fields 
Medals, and the total number of the staff of an institution 
winning Nobel Prizes in Physics, Chemistry, Medicine and 
Economics and Fields Medal in Mathematics. It is allow to 
determine outstanding universities, but there is no possibility 
to determine evaluation of regular universities, which are 
the majority of the world universities. Also, ARWU uses 
SCI (Science Citation Index)/SSCI (Social Science Citation 
Index) papers and papers published in Nature and Science 
as indicators of research output. The SCI/SSCI indicator 
determines only the quantity of papers and doesn’t consider 
the quality of papers (the citations). The Nature/Science 
indicator determines extremely outstanding research only 
in certain subject disciplines. So ARWU focused on highly 
outstanding research, and its indicators can’t determine 
a wide range of scientific researches, that doesn’t allow to 
evaluate the majority of universities in the world.
QS helps students make comparisons of world uni­
versities. QS assesses universities in four areas: research, 
teaching, employability and internationalization. Each of 
the indicators has different weight when calculating the 
overall scores. The main problem of QS is that peer review 
accounted for 33 % of the criteria. The high percentage 
of peer review can affect the results of the evaluation of 
world universities [6].
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The THE is performance tables that judge research­
intensive universities across missions: teaching, research, 
knowledge transfer, and international outlook. The per­
formance indicators of THE are grouped into five areas: 
teaching (the learning environment), research (volume, 
income, and reputation), citations (research influence), 
international outlook (staff, students, and research), in­
dustry income (knowledge transfer). THE also has peer 
review accounted for 33 % of the indicators. Also THE 
doesn’t take into account universities that have less than 
200 scientific publications per year [7].
The CWTS is based on publications in Thomson 
Reuters’ Web of Science database. Within Web of Science, 
only so­called core publications, which are publications 
in international scientific journals, are included. In ad­
dition, only article and review published within Web of 
Science are considered. So CWTS also focused on highly 
outstanding research [8].
The Webometrics is the academic ranking of higher 
education institutions. Since 2004 and every six months, 
an independent scientific exercise is performed by the 
Cybermetrics Lab for the providing multidimensional in­
formation about the performance of world universities 
based on their web presence and impact [9].
The indicators of Webometrics are:
— Presence — presence or size. The initial data is 
taken the number of pages (and sites on subdomains) 
in the Google index;
— Impact — influence or visibility. The initial data 
come from external links to the site of the university 
according to MajesticSEO.com and Ahrefs.com;
— Openness — openness, document files. The initial 
data is taken the number of documents at the site of 
the university, known Google Scholar;
— Excellence — excellence, scientific publications. The 
initial data is taken the number of scientific publica­
tions, 10 % of the most cited (on science domains) 
according to SCImago.
However, the content of Internet sites dоn’t reflect 
the quality of education at the university.
SIR is a science evaluation resource to assess worldwide 
universities and research focused institutions. Indicators 
are divided into three groups intended to reflect scientific, 
economic and social characteristics of institutions. The 
SIR includes both, size­dependent and size­independent 
indicators; that is indicators influenced and not influenced 
by the size of the institutions. In this manner, the SIR 
provides overall statistics of the scientific publication and 
other output of institutions, at the same time that  enables 
comparison between institutions of different sizes. How­
ever, SIR is entirely based on bibliometric indicators of 
the quality of research [10].
5. Materials and methods of research
We analyzed the data accordingly to the following pro­
cedure:
1. The original data were collected on the university 
ranking systems. Information was collected on the indica­
tors with available values for each ranking system among 
the Top­50 universities.
2. The research was conducted in three groups of 
ranking systems, namely: «IWRS», «WRS», «All rating 
systems (ARS)». Note that research in these groups and 
retrospective analysis determines the objectivity and sta­
bility of research results.
3. The correlation between the indicators was calcu­
lated in each group.
4. Factor analysis was performed and latent factors 
were identified in each group. Factor analysis was per­
formed by principal component analysis using statistical 
package IBM SPSS 20.
5. The research was conducted in groups «WRS (nor­
malized values)», «ARS (normalized values)» which con­
sisted in the fact that all indicators were normalized to 












where ki — current ranking indicator; kimin — minimum 
value of ranking indicator in the group; kimax — maximum 
value of ranking indicator in the group.
Let’s provide indicators that were considered in the 
research for 2013, 2014 and 2015 years in following groups.
There were collected such indicators for the Top­50 
universities in the group «IWRS» in 2013, 2014, 2015 years:
— Alumni — alumni of an institution winning Nobel 
Prizes and Fields Medals;
— Award — staff of an institution winning Nobel 
Prizes and Fields Medals;
— HiCi — highly cited researchers in 21 broad subject 
categories;
— N&S — papers published in Nature and Science;
— PUB — papers indexed in Science Citation Index­
expanded and Social Science Citation Index;
— PCP — per capita academic performance of an 
institution;
— Academic Reputation — best institutions within 
field of expertise by voting academics;
— Employer Reputation — the survey of employers to 
identify the universities they perceive to be producing 
the best graduates;
— Faculty Student Ratio — measure of the number 
of academic staff employed relative to the number of 
students enrolled;
— International faculty ratio — proportion of inter­
national faculty members at the institution;
— International student ratio — proportion of inter­
national students at the institution;
— Citations Per Faculty — the total citation count 
according to Scopus is assessed in relation to the num­
ber of academic faculty members at the university;
— Teaching — the learning environment;
— International Outlook — staff, students, and re­
search;
— Research — volume, income, and reputation;
— Citations research influence — the number of times 
a university’s published work is cited by scholars glo­
bally, compared with the number of citations a publica­
tion of similar type and subject is expected to have;
— Industry income — knowledge transfer;
— Number of FTE Students;
— Students:Staff Ratio;
— International Students.
Note that indicators in group «IWRS» are stable — there 
are not changed for three years. Also in the group «IWRS» 
all indicators are evaluated with incomparable scales in 
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the range [0, 100], except one indicator «Number of FTE 
Students».
Present the indicators that were collected for the Top­50 
universities in the group «WRS» in 2013, 2014, 2015 years 
that shown in Table 1.
table 1
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PP (top 10 %);














note: 1. Provide indicators that were considered in the research 
for CWTS Leiden Ranking in 2013:
P (impact) — number of publications 2008–2011. Collaborative 
publications are counted fractionally.
PP (top 10 %) — proportion of top 10 % publications: the proportion 
of the publications of a university belonging to the top 10 % of their field.
MCS — mean citations score: average number of citations of the 
publication of a university.
MNCS — mean normalized citations score: average number of citations 
of the publication of a university normalized for field differences and 
publication year.
P (collab) — number of publications 2008–2011.
PP (collab) — proportion of interinstitutional collaborative publications: 
the proportion of the publications of a university co-authored with one 
or more other organizations.
PP (int collab) — proportion of international collaborative publications: 
the proportion of the publications of a university co-authored by two 
or more countries.
PP (UI collab) — proportion of collaborative publications with industry: 
the proportion of the publications of a university co-authored with one 
or more industrial partners.
MGCD — mean geographical collaboration distance (km): average 
geographical collaboration distance of the publication of a university.
2. Provide indicators that were considered in the research for CWTS 
Leiden Ranking in 2014:
P (impact) — number of publications 2009–2012. Collaborative 
publications are counted fractionally.
PP (top 10 %) — proportion of top 10 % publications: the proportion 
of the publications of a university belonging to the top 10 % of their field.
MCS — mean citations score: average number of citations of the 
publication of a university.
MNCS — mean normalized citations score: average number of citations 
of the publication of a university normalized for field differences and 
publication year.
P (collab) — number of publications 2009–2012.
PP (collab) — proportion of interinstitutional collaborative publications: 
the proportion of the publications of a university co-authored with one 
or more other organizations.
PP (int collab) — proportion of international collaborative publications: 
the proportion of the publications of a university co-authored by two 
or more countries.
PP (UI collab) — proportion of collaborative publications with industry: 
the proportion of the publications of a university co-authored with one 
or more industrial partners.
PP (<100 km) — proportion of short distance collaborative publications: 
the proportion of the publications of a university with the geographical 
collaboration distance of less than 100 km.
PP (>5000 km) — proportion of long distance collaborative publications: 
the proportion of the publications of a university with the geographical 
collaboration distance of more than 5000 km.
3. There is no result of Innovative Knowledge for the period of 
research in January 2016.
In group «All ranking systems» all the indicators of 
Top­50 universities in 2013, 2014, 2015 years were combined 
into one group to provide an objective and stable result.
Provide indicators that were normalized in the 
range [0, 100] in groups «WRS» «ARS» shown in Table 2. 
table 2





































































6. result of research
To proof objectivity and stability of multi­factor model 
we have to consider the result in each group. Present the 
results of the factor analysis in group «IWRS» for 2013, 
2014 and 2015, that shown in Table 3.
table 3













































Note that indicators were stable and presented in the 
same scale of measurement, except one indicator «Number 
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of FTE Students», in the group «IWRS». The result of 
factor analysis in this group is stable — an intersection 
of sets of latent factors in three years is 9.
Present the results of the factor analysis in groups «WRS» 
and «WRS (normalized values)» for 2013, 2014 and 2015, 
that shown in Table 4.
table 4
Result of the factor analysis in groups «WRS»  
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4) PP (top 10 %);
5) PP (top 50 %);
6) Exellence;
7) PP (industry);

























1) PP (top 1 %);
2) PP (top 10 %);
3) Website Size;






Note, the indicators in the group «WRS» are represented 
in different scales of measurement, namely: in 2013 — 
79 % of indicators, in 2014 — 60 %, in 2015 — 47 %. 
In these groups indicators were not stable because the 
indicators of ranking system CWTS Leiden Ranking are 
changed in three years (they are presented average 50 % 
of the indicators in the group «WRS»).
An intersection of sets of latent factors in group «WRS» 
in three years is 5, in group «WRS (normalized values)» — 
is 4. This result can be regarded as an objective result, 
but the benefits of using normalized values of indicators 
are not visible.
Present the results of the factor analysis in groups «ARS» 
and «ARS (normalized values)» for 2013, 2014 and 2015, 
that shown in Table 5.
Indicators in the group «ARS» presented in different 
measurement scales, namely: in 2013 y. — 35 % of indicators, 
in 2014 y. — 31 %, in 2015 y. — 26 %. An intersection 
of sets of latent factors in group «ARS» in three years 
is 10, in group «ARS (normalized values)» — is 15. This 
result can be regarded as an objective result, that shown 
benefits of using normalized values of indicators.
Analyzing the results of the research of 2013, 2014, 
2015 years, we can discover the latent factors shown in 
Table 6. These results were obtained by determining the 
intersection of the sets of resulting latent factors in each 
group for three years.
The result provides an integrated multi­factor model of 
world university ranking systems and can be considered 
in each group: influential world, world ranking and all 
ranking systems. Also, calculations with normalized values 
of the indicators are more stable — the intersection of 
sets «IWRS» and «ARS» is 2, and sets «IWRS» and 
«ARS (normalized values)» is 8.
table 5
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6) P (impact);
7) PP (top 10 %);
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9) Students:Staff 
Ratio;
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13) PP (top 10 %);
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7. sWot-analysis of research results
Strengths:
— Uses of multi­factor model universities evaluate on 
significant indicators that reduces the time of evalua­
tion while preserving the adequacy of results;
— Uses of significant indicators make it easier to 
check input data and avoid mistakes in input data 
on indicators;
— Multi­factor model provides stable and objective 
results because calculations are carried out with retro­
spective on three years;
— Multi­factor model proposes a new ranking sys­
tem (actually meta­ranking system) based on indicators 
and data of existing rankings.
Weaknesses:
— Multi­factor model is focused on the evaluation 
the world’s universities and not investigated at the 
national level.
Opportunities:
— Development of university ranking methods to im­
prove the adequacy of results;
— Development of information system for the world 
university ranking system;
— Development of national ranking system.
Threats:
— The emergence of foreign analogue of multi­factor 
model.
8. conclusion
In the result of the research was developed integrated 
multi­factor model of world university ranking systems.
To achieve this aim have been performed objectives:
1. Review of world university ranking systems was 
conducted. In each ranking system drawbacks were iden­
tified, and that was the prerequisite for the building of 
the multi­factor model.
2. Original data on the indicators of considered world 
university ranking systems were collected. Information 
was collected on the indicators with available values for 
ranking system with sample of Top­50 universities. 
3. Factor analysis of the influential world and world 
ranking systems was conducted. The research was pre­
sented for 2013, 2014 and 2015 years — this retrospective 
analysis determines the stability and objectivity of the 
results. Also, research was presented in different groups 
to provide objective results — we can see latent factors 
in each group and integrated vision of latent factors in 
world university ranking systems.
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Построение Многофакторной Модели Мировых 
рейтинговых систеМ университетов
Рассматривается проблема многофакторной оценки универ­
ситетов рейтинговыми системами. Проанализированы влиятель­
ные мировые и мировые рейтинговые системы университетов. 
Проведен факторный анализ влиятельных мировых и мировых 
рейтинговых систем. Исследования проводились в нескольких 
группах, а также с учетом нормированных значений индикато­
ров для обеспечения стабильного и объективного результата. 
Предложена интегрированная многофакторная модель мировых 
рейтинговых систем университетов.
ключевые слова: многофакторная модель, мировые рей­
тинговые системы университетов, факторный анализ, ретро­
спективный анализ.
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